Background: Racial disparities in lung cancer outcomes have been observed in the general population. However, it is unclear whether survival differences persist when patients have equal access to health care. Our objective was to determine if lung cancer survival differed among black and white patients in the U.S. Military Health System (MHS), an equal access health care system.
Introduction
Lung cancer is the leading cause of cancer-related death among men and women in the United States. An estimated 226,160 new cases of lung cancer were expected in 2012, with 160,340 deaths because of this disease, accounting for roughly 28% of all cancer deaths (1) . Despite the declining or leveling trends in lung cancer mortality among men and women, respectively, racial differences in lung cancer mortality persist, especially among men. The most recent statistics indicate that the lung cancer mortality rate (per 100,000) was 85.4 among black men, which was 28% higher than that among white men (66.9; ref. 1) .
Mortality and survival are related to timely and effective cancer diagnosis and treatment. In the general population, racial groups differ in their accessibility to medical care, and thus diagnosis and treatment. Black Americans are more likely than white Americans to have no health insurance coverage or inadequate coverage (2), which may limit their access to cancer prevention, early detection, and high-quality treatment. Even though there are no specific recommendations for lung cancer screening for the general population and only about 5% of small cell lung cancer (SCLC) and 15% of non-small cell lung cancer (NSCLC) are diagnosed at local stages (3), individuals with health insurance still tend to be diagnosed earlier than those without (4, 5) . As a likely result, black patients tend to be diagnosed with more advanced lung cancers and have worse survival than white patients (4, (6) (7) (8) (9) . However, even within the same tumor stage, black patients tend to have worse survival than white patients (3, 6, 10, 11) . These within-stage survival differences may be at least partially because of variations in cancer treatment. Analyses of population-based cancer registry data have shown that black lung cancer patients, in comparison to white patients, are less likely to receive appropriate cancer treatment (10, (12) (13) (14) . Racial disparities in lung cancer survival have often been found to be nonsignificant after adjustment for the receipt of cancer treatments and other prognostic factors (6, 9, 11, 15, 16) . Furthermore, no survival differences have been observed between black and non-black patients who received similar treatment during clinical trials (17, 18) . Therefore, variations in access to health care may be largely responsible for the observed racial disparities in lung cancer survival.
The Department of Defense's (DoD) Military Health System (MHS) provides universal health care to military service members, retirees, and their dependents regardless of race. Therefore, the MHS offers a unique environment to evaluate whether racial differences in lung cancer survival remain when access to medical care is equal. In a previous study of NSCLC survival at one military hospital, no crude or covariate adjusted differences were observed between blacks and whites (19) . To determine if these findings were unique to this hospital and/or to NSCLC, we conducted DoD-wide comparisons of lung cancer survival between whites and blacks diagnosed with NSCLC as well as SCLC. Histologic subtypes of NSCLC include squamous cell carcinoma (SCC), adenocarcinoma, and large cell carcinoma (LCC; ref. 3) . Recent studies indicate that histologic subtype may influence treatment regimen and survival outcome for NSCLC (20, 21) ; therefore, NSCLC subtype-stratified analyses were conducted. Age at diagnosis, sex, tumor stage, receipt of surgery, and recurrence affect survival (20, 22) , so, these variables were assessed as possible effect modifiers.
Materials and Methods

Sources of data
Data on patients diagnosed with lung cancer between 1990 and 2003 were collected from the DoDs Automated Central Tumor Registry (ACTUR), a database and clinical tracking system for all cancer patients who were diagnosed and/or received cancer treatment at military treatment facilities. Military medical treatment facilities are required to report cancer data on all DoD beneficiaries, including active-duty military personnel, retired military personnel, Reserve and National Guard personnel who are temporarily activated, and their dependents. Upon receipt by ACTUR, the data are reviewed by registrars who verify that the correct diagnoses are reported and then follow all identified cancer cases until death.
This study was based on nonidentifiable data and was approved by the institutional review boards of the U.S. Military Cancer Institute, the Armed Forces Institute of Pathology, and NIH. The following items from the ACTUR database were used in the data analysis: race, age at diagnosis, sex, active duty status at diagnosis, primary cancer site, histology, tumor stage, tumor grade, cancer treatments, recurrence, date of last follow-up, and vital status.
Study subjects
Eligible study subjects were black and white patients aged 20 years or older, who had a histologically confirmed first primary SCLC or NSCLC, with known NSCLC subtypes diagnosed between January 1, 1990 and December 31, 2003 (n ¼ 11,092). Cancer site and histology were classified using the tumor site (C34.0-C34.9) and mor- 
Statistical analysis
Survival time was compared between black and white patients. The analytic outcome, which was used to determine the survival time, was all-cause death. The observed survival time was calculated from the date of cancer diagnosis to the date of death among those who died. If an individual did not die during the study period then survival time was censored at the date of last contact. Follow-up was conducted through December 31, 2007. The length of follow-up ranged from 1 day to 208 months, with 60 months of follow-up available on 1,667 patients and 120 months of follow-up available on 565 patients.
We took the following steps in data analysis. First, differences in the distribution of demographic and tumor characteristics between whites and blacks by histology were evaluated with c 2 heterogeneity tests. Second, Kaplan-Meier survival curves were constructed and compared between whites and blacks stratified by histology using log-rank test for homogeneity. Third, Cox proportional-hazards modeling was used to investigate the association between race and survival stratified by histology after adjusting for demographic and tumor characteristics. Stratified analyses were further conducted by age (<65; !65), sex, tumor stage, receipt of surgery, and recurrence status to assess whether racial differences in survival varied by these variables. Finally, using the same exclusion criteria as with the ACTUR data, 5-year survival rates by race and histology were calculated on the basis of Surveillance Epidemiology and End Results (SEER)-9 data in SEER Ã Stat version 7.0.9 (24) . The SEER-9 registries cover approximately 10% of the general US population (25) . To determine if within-race survival rates differed between the MHS and the general populations, observed 5-year survival rates by histology among whites and blacks were compared between the two populations using c 2 tests. Data management and statistical analyses were conducted using SAS software version 9.3.0 (SAS Institute, Inc.). All reported P values are two sides and the significance level was set at P < 0.05. SCCs, and 1,730 LCCs. Regardless of histology at diagnosis, black patients were more likely to be active duty and younger than white patients (P < 0.01; Table 1 ). Among patients with adenocarcinoma or LCC, the proportion of men was higher among black patients than white patients (P 0.01). In addition, among adenocarcinoma patients, black patients were more likely to receive chemotherapy or have unknown status on chemotherapy (P < 0.01) and to experience a recurrence than were white patients (P ¼ 0.05). Among SCLC patients, black patients were more likely to receive radiation therapy than were white patients (P < 0.01). The distribution of tumor grade and the receipt of surgery were not shown to vary significantly by race for any of the histologic types.
Kaplan-Meier survival curves for each histologic type by race are provided in Fig. 1 . Survival curves were not significantly different between black and white patients for adenocarcinoma, SCC, or LCC. Among SCLC patients, black patients appeared to have a better survival than white patients (P ¼ 0.04); however, after covariate adjustment, this association was no longer significant [HR, 0.90; 95% confidence interval (CI), 0.75-1.09; differences in survival were observed for the other histologic types in the multivariate analyses. No evidence of effect modification by age at diagnosis, sex, tumor stage, receipt of surgery or recurrence status was observed for any of the histologic types (Table 2) .
Better 5-year survival rates were observed within ACTUR than in SEER-9 among both whites and blacks (Table 3 ). This finding was statistically significant (P < 0.01) for all histologic comparisons, except among white SCLC patients (P ¼ 0.09). In addition, unlike in ACTUR, white patients tended to have higher 5-year survival rates than blacks for all histologic types in SEER.
Discussion
In the current study, no black-white disparities were observed for any of the NSCLC histologic subtypes in either crude or covariate adjusted comparisons within the MHS. Covariate adjusted comparisons also revealed similar SCLC survival between the two groups, although crude comparisons showed that black patients had better SCLC survival than white patients. Comparatively, 5-year all-cause survival rates appeared to be better in the MHS than in the general population, regardless of race or histology.
This DoD-wide study confirms the findings of no differences in NSCLC survival between black and white patients that were observed in a previous study on the basis of one military treatment facility's data (19) . The current study further indicates that black and white patients within the DoD health care system experience similar lung cancer survival regardless of histology. Without a reliable screening tool for early detection, lung cancer survival depends largely on the histological features of cancer, stage of disease, and timely access to high quality cancer treatment. All patients in the study were beneficiaries of the DoD health care system and were entitled to equal access to medical care. There were no significant differences in tumor grade or stage distribution between black and white patients. No racial differences were observed with regard to the receipt of specific cancer treatments after controlling for potential confounders, except for a higher receipt of radiation for SCLC among black patients compared with white patients (data not shown). These findings indicate that for lung cancer patients in the MHS, there were no racial differences in tumor stage at diagnosis, and black patients received appropriate cancer treatments as frequently as their white counterparts.
Studies in the general population have shown that lack of adequate health insurance coverage is associated with poorer access to cancer prevention, diagnoses at later stages, and poorer outcomes among cancer patients (7, 26, 27) . In comparison to white lung cancer patients, black lung cancer patients are more likely to be uninsured, which may limit their access to high-quality cancer care (27, 28) . There is evidence that lack of a regular source of care is associated with lower surgical rates among black lung cancer patients (29) and that lower surgical rates among black patients with NSCLC can largely account for their poorer survival (12) . Our finding that black and white lung cancer patients with equal access to care had similar survival provides further support for the notion that racial disparities in lung cancer survival mainly result from inequalities in access to and receipt of quality health care, especially high-quality cancer treatments. These results are significant, suggesting that equivalent survival can be achieved for each of the 4 major lung cancer histologic types by providing equal access to care. The comparisons of our results with those from SEER showed such a possibility; lung cancer patients, especially black patients, in the MHS had significantly better 5-year survival rates than their counterparts in the general population in which white patients tended to have better survival than blacks. The greater improvement in survival among blacks in the equal access system may have helped eliminate the racial disparities. While our study had important strengths, it also had several limitations. Only all-cause death data, not cancer-specific death, are included in the ACTUR database; therefore, the potential effects of death from other causes cannot be excluded. However, unless deaths from other causes were less common among black persons than white persons, which is unlikely, comparing all-cause survival between the groups should not have concealed more lung cancer deaths and shorter lung cancer survival among black persons. Missing information on tumor characteristics and treatment might have affected our results especially if it was differential by race. While we do not exclude this possibility, such effects might be limited because the proportion of patients with unknown information was generally low and adjustment accounted for unknown categories in the multivariate analysis. We also do not exclude the possibility that the study power to detect racial differences was limited because of relatively small sample sizes of black patients, particularly when stratified by histology. However, when not stratified by histology, analyses also showed no racial differences (all lung cancer: HR, 0.99; 95% CI, 0.92-1.06; all NSCLC: HR, 0.99; 95% CI, 0.92-1.06; data not shown), suggesting that limited power does not appear to explain our findings. Finally, other variables, in addition to access to care, may be related to the observed differences in survival between ACTUR and SEER-9. While our further analyses stratified by age and sex (data not shown) confirmed those in Table 3 and thus minimized the potential effects by these variables, caution should be taken in the interpretation of the results because of potential differences in other data features between the two data sources.
In conclusion, no difference in all-cause survival among lung cancer patients was observed by race in the MHS, which is an equal access health care system. All-cause survival appeared to be better within the MHS than in the general population. These results, therefore, indicate that race is not an independent prognostic factor for lung cancer survival and better health care access can result in improved lung cancer outcomes for all cases.
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